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Abstract: Poor aqueous solubility represents one of the most significant
challenges in pharmaceutical development, with approximately 70-90% of
new chemical entities and 40% of marketed drugs classified as poorly
water-soluble compounds. These Biopharmaceutics Classification System
(BCS) Class Il drugs exhibit high membrane permeability but suffer from
dissolution-rate limited absorption, resulting in suboptimal bioavailability
and erratic therapeutic responses. Traditional solubility enhancement
approaches including particle size reduction, salt formation, and
amorphous solid dispersions have shown promise but often face stability
challenges and manufacturing limitations. This research investigates
electrospinning technology as an innovative platform for creating
nanofibrous drug delivery matrices that address both dissolution and
stability challenges simultaneously. The study employed systematic
Design of Experiments (DoE) optimization to develop single-fluid, coaxial

(core-sheath), and Janus (side-by-side) nanofiber architectures using
carbamazepine as a model BCS Class Il drug and polyvinylpyrrolidone as
the primary polymeric carrier. Comprehensive characterization using
scanning electron microscopy, differential scanning calorimetry, powder
X-ray diffraction, and Fourier transform infrared spectroscopy confirmed
successful formation of uniform, bead-free nanofibers (=450 nm diameter)
with complete drug amorphization and strong drug-polymer interactions.
In vitro dissolution studies demonstrated dramatic enhancement with >95%
drug release within 10 minutes from nanofibers compared to <30% from
crystalline drug. Ex vivo permeation studies showed 6-fold higher drug
transport across intestinal membranes, while in vivo pharmacokinetic
evaluation in rats revealed 2-3 fold improvements in peak plasma
concentration and area under the curve. Accelerated stability studies
confirmed maintenance of amorphous drug state and dissolution
performance over three months at 40°C/75% relative humidity. The
findings establish electrospun nanofibrous matrices as a robust, scalable
platform for enhancing oral delivery of poorly water-soluble
pharmaceuticals with significant potential for clinical translation and
commercial.
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which often prioritize molecular potency and
selectivity over physicochemical properties favorable
for oral delivery Williams and Amidon (2023) [1].
According to recent estimates, approximately 70-90%
of compounds in pharmaceutical development
pipelines and 40% of currently marketed drugs suffer
from poor water solubility, creating significant
barriers to effective oral therapy Lipinski et al. (2022)

2.

INTRODUCTION

The pharmaceutical industry faces an unprecedented
challenge with drug solubility, as modern drug
discovery increasingly identifies potent therapeutic
compounds that exhibit poor aqueous solubility
characteristics. This phenomenon has become
particularly pronounced with the advent of high-
throughput screening and structure-based drug design,
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The Biopharmaceutics Classification System (BCS),
introduced by Amidon and colleagues, provides a
framework for understanding these challenges by
categorizing drugs based on their solubility and
intestinal permeability properties (Table 1). BCS Class
II drugs, characterized by high permeability but low
solubility, represent the largest problematic category

where dissolution becomes the rate-limiting step for
absorption rather than membrane transport processes
Amidon et al. (2021) [3]. This classification system
has proven invaluable for regulatory science and
formulation development, as it directly links
physicochemical properties to biopharmaceutical
performance.

Table 1. Biopharmaceutics Classification System (BCS) Categories and Representative Drug Examples

BCS Solubility Permeability Absorption Limitation Representative Drugs
Class
Class I | High (>250 mL for High None (well absorbed) Metoprolol,
highest dose) Propranolol, Caffeine
Class | Low (<250 mL for High Dissolution-rate limited Carbamazepine,
II highest dose) Itraconazole,
Ketoconazole,
Nifedipine
Class High Low Permeability-rate limited | Atenolol, Cimetidine,
111 Acyclovir
Class Low Low Both dissolution and Paclitaxel,
v permeability Amphotericin B

The clinical consequences of poor drug solubility
manifest in multiple ways that significantly impact
therapeutic outcomes. Inadequate dissolution leads to
incomplete and variable absorption, resulting in
subtherapeutic plasma concentrations and treatment
failures despite adequate drug permeability Butler and
Dressman (2022) [4]. Food effects become
pronounced as lipid-rich meals can enhance
dissolution through bile salt solubilization, creating
complex dosing requirements and patient compliance
issues. Inter-patient variability increases dramatically
due to differences in gastric pH, motility, and co-
administered medications, making dose optimization
challenging and potentially compromising drug safety
profiles.
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Traditional approaches to solubility enhancement
have evolved significantly over the past decades,
encompassing both  physical and chemical
modification strategies. Particle size reduction
through micronization and nanosization exploits the
Noyes-Whitney equation relationship between
surface area and dissolution rate, achieving
considerable success with drugs like fenofibrate and
danazol Shegokar and Miller (2023) [5]. Salt
formation remains a cornerstone approach for
ionizable compounds, dramatically improving
dissolution kinetics through enhanced lattice energy
and favorable thermodynamic properties. However,
these approaches often encounter limitations related
to physical instability, processing complexity, or
applicability constraints based on molecular structure.
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Figurel:Electrospinning Process Workflow for Drug-Loaded Nanofiber Formation

Amorphous solid dispersions (ASDs) have emerged
as perhaps the most versatile and effective approach
for solubility enhancement, operating through
conversion of crystalline drug to a high-energy

amorphous state within a polymeric matrix Newman
et al. (2022) [6]. The thermodynamic advantages of
the amorphous form, combined with kinetic
stabilization provided by polymer carriers, can
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achieve order-of-magnitude improvements in
apparent solubility. Manufacturing techniques
including spray drying, hot-melt extrusion, and
solvent-based methods have enabled commercial
success stories such as ritonavir (Norvir®) and
itraconazole (Sporanox®). However, physical
instability remains the Achilles heel of amorphous
systems, as the metastable drug form tends to
recrystallize during storage or upon exposure to
moisture and temperature stress.

Electrospinning technology represents an innovative
convergence of nanotechnology and pharmaceutical

sciences that addresses many limitations of
conventional solubility enhancement approaches.
This versatile process utilizes electrostatic forces to
transform polymer solutions into ultra-fine fibers with
diameters ranging from nanometers to micrometers,
creating materials with exceptional surface area to
volume ratios Ramakrishna et al. (2023) [7]. The
fundamental mechanism involves applying high
voltage to a polymer solution, inducing formation of
a Taylor cone at the needle tip, followed by jet
ejection, stretching, and rapid solvent evaporation
during fiber formation.
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Figure 2: Drug Dissolution Mechanism in Nanofibrous Matrices
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The appeal of electrospinning for pharmaceutical
applications stems from multiple advantageous
characteristics that distinguish it from other
processing techniques. The rapid solvent evaporation
inherent to the electrospinning process effectively
quenches drug molecules in an amorphous state
within the polymer matrix, creating intimate drug-
polymer interactions that stabilize the high-energy
form Zeng et al. (2022) [8]. Unlike thermal processes
such as hot-melt extrusion, electrospinning operates
under ambient or mild temperature conditions,
making it suitable for thermolabile compounds
including proteins and heat-sensitive small molecules.
The process flexibility allows incorporation of diverse
polymeric systems, from synthetic materials like
polyvinylpyrrolidone to natural polymers such as
chitosan and cellulose derivatives.

Advanced electrospinning configurations enable
sophisticated fiber architectures that transcend simple

drug-polymer blending. Coaxial electrospinning
produces core-sheath fibers where drug-loaded cores
can be protected by functional sheaths, enabling
controlled release, taste masking, or stability
enhancement Yu et al. (2021) [9]. Side-by-side
electrospinning creates Janus fibers with distinct
compartments, allowing incorporation of
incompatible components or combination therapies
within individual fibers. These architectural
innovations open new possibilities for addressing
complex formulation challenges that cannot be solved
through conventional approaches.

Despite promising preliminary research, significant
gaps remain in understanding and exploiting
electrospinning technology for pharmaceutical
applications. Most published studies focus on proof-
of-concept  demonstrations using  single-fluid
electrospinning with limited attention to advanced
fiber architectures, systematic optimization, or
comprehensive performance evaluation Zhang and
Liu (2023) [10]. The relationship between
electrospinning parameters, fiber properties, and
biological performance requires deeper investigation
to enable rational formulation design. Stability
assessment of drug-loaded nanofibers under realistic
storage conditions remains inadequately addressed,
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despite being critical for commercial viability.

This research addresses these knowledge gaps through
systematic investigation of electrospun nanofibrous
matrices for enhancing dissolution and bioavailability
of poorly water-soluble pharmaceuticals. The central
hypothesis  posits that optimized nanofiber
formulations will simultaneously achieve rapid drug
dissolution through amorphous solid dispersion
formation and enhanced physical stability through

METHODOLOGY

The experimental approach employed a systematic
methodology designed to optimize electrospinning
parameters, comprehensively characterize resulting
nanofibers, and evaluate pharmaceutical performance
through multiple complementary techniques. The
investigation utilized carbamazepine as a model BCS
Class II drug due to its well-characterized
physicochemical properties, established therapeutic
applications, and documented solubility challenges
that make it an ideal candidate for dissolution
enhancement studies Singh et al. (2022) [22].

Materials and Experimental Design

Carbamazepine (CBZ) was selected as the model
poorly water-soluble drug based on its BCS Class II
classification, aqueous solubility of approximately 18
mg/L at 37°C, and extensive characterization in
literature. Polyvinylpyrrolidone K90 (PVP K90)
served as the primary polymeric carrier due to its
excellent film-forming properties, amorphous nature,
rapid dissolution characteristics, and proven
compatibility ~ with  electrospinning  processes.
Additional polymers including hydroxypropyl

favorable drug-polymer interactions in the
nanostructured matrix. Specific objectives include: (1)
systematic optimization of electrospinning parameters
for producing uniform, drug-loaded nanofibers, (2)
comprehensive characterization of fiber morphology,
drug physical state, and drug-polymer interactions, (3)
evaluation of dissolution performance and
bioavailability enhancement, and (4) assessment of
physical stability under accelerated storage conditions

methylcellulose (HPMC), polyvinyl alcohol (PVA),
and Eudragit® L100 were evaluated for specialized
applications and comparative studies.

Solvent systems were optimized through systematic
evaluation of binary and ternary mixtures to achieve
optimal solution properties for electrospinning while
ensuring complete drug dissolution and appropriate
viscosity for fiber formation. The selected system
comprised 70:30 v/v) ethanol:N,N-
dimethylformamide (DMF), providing excellent
solvent power for both drug and polymer while
exhibiting suitable volatility characteristics for rapid
fiber solidification during the electrospinning process.

Design of Experiments (DoE) methodology was
implemented using a central composite design to
systematically investigate the effects of critical process
and formulation variables on fiber quality and
pharmaceutical performance. Variables included drug
loading (10-30% w/w), total polymer concentration
(12-20% w/v), applied voltage (12-20 kV), solution
flow rate (0.3-0.8 mL/h), and needle-to-collector
distance (10-20 cm). Response variables encompassed
fiber morphology parameters, drug content
uniformity, dissolution performance, and process
efficiency metrics
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Figure 3: Experimental Workflow for Electrospinning Optimization and Characterization

Electrospinning Procedures

Single-fluid electrospinning was conducted using a
laboratory-scale apparatus comprising a high-voltage
power supply (0-30 kV), precision syringe pump (0.1-
10 mL/h), and grounded collector plate positioned at
optimized distances. Solution preparation involved
sequential dissolution of drug and polymer in the
selected solvent system under magnetic stirring at
ambient temperature until complete dissolution was
achieved, followed by degassing to remove entrapped
air bubbles.

Coaxial electrospinning utilized a specialized needle
assembly consisting of inner and outer needles with
independently controlled flow rates to produce core-
sheath fiber architectures. Core solutions contained
drug-loaded polymer dispersions while sheath
solutions comprised functional polymers selected for
specific applications including controlled release
(HPMC), enteric protection (Eudragit® L100), or
taste masking (sweetening agents). Flow rate ratios
were optimized to achieve desired core-to-sheath
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ratios while maintaining fiber continuity and

morphological uniformity.

Side-by-side electrospinning employed a dual-channel
spinneret design enabling production of Janus fibers
with distinct compartments containing different
formulations. One compartment typically contained

1004
80

804

Fiber Quality Score

the drug-polymer solution while the adjacent
compartment incorporated absorption enhancers
(sodium dodecyl sulfate), stabilizing agents, or
secondary therapeutic compounds for combination
therapy applications. Process parameters were
carefully balanced to ensure stable jetting from both
channels and uniform fiber formation

\
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Figure 4: Design of Experiments Response Surface for Electrospinning Parameter Optimization

3D Surface plot showing the relationship between
Voltage (12-20 kV), Flow Rate (0.3-0.8 mL/h), and
Fiber Quality Score (0-100) with optimal region
highlighted and contour lines indicating parameter
interactions

Characterization Techniques

Morphological characterization employed scanning
electron microscopy (SEM) using a high-resolution
field-emission instrument operated at 5-10 kV
accelerating voltage. Samples were sputter-coated
with gold-palladium alloy to enhance conductivity
and prevent charging artifacts during imaging. Fiber
diameter distributions were determined through
measurement of at least 100 individual fibers using
image analysis software, with statistical parameters
including mean, standard deviation, and coefficient of

variation calculated to assess morphological
uniformity
Thermal analysis utilized differential scanning

calorimetry (DSC) to assess drug physical state and
drug-polymer interactions within nanofiber matrices.
Measurements were conducted under nitrogen
atmosphere with heating rates of 10°C/min from -
20°C to 200°C, with particular attention to drug
melting endotherms and glass transition events.
Thermogravimetric analysis (TGA) complemented

DSC studies by quantifying residual solvent content
and thermal decomposition behavior under controlled
heating conditions.

Crystallographic analysis employed powder X-ray
diffraction (PXRD) wusing a high-resolution
diffractometer with Cu Ka radiation (A = 1.54 A)
operated at 40 kV and 30 mA. Diffraction patterns
were collected over 26 ranges of 5-50° with step sizes
of 0.02° and counting times optimized for adequate
signal-to-noise ratios. The absence of characteristic
drug crystalline peaks in nanofiber samples confirmed
successful amorphization during the electrospinning
process.

Spectroscopic characterization utilized Fourier
transform infrared spectroscopy (FTIR) in attenuated
total reflectance (ATR) mode to investigate drug-
polymer interactions and identify hydrogen bonding
or other molecular associations. Spectra were
collected over 4000-650 cm™ ranges with 4 cm™
resolution and 64 scan accumulations. Peak shifts,
broadening, and intensity changes relative to pure
components provided evidence for drug-polymer
interactions that contribute to amorphous stability.

Pharmaceutical Evaluation Methods
Drug content determination employed high-
performance liquid chromatography (HPLC) using a
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validated analytical method with C18 reverse-phase
columns and UV detection at appropriate
wavelengths. Nanofiber samples were dissolved in
suitable solvents, filtered, and analyzed with
appropriate standard curves to ensure quantitative
recovery. Content uniformity studies involved
analysis of multiple samples from different batches to
assess manufacturing consistency and reproducibility.

In vitro dissolution testing followed USP Type II
apparatus methodology using 900 mL of phosphate
buffer (pH 6.8) maintained at 37+0.5°C with paddle
speeds of 50 rpm. These conditions simulate
physiological intestinal pH where BCS Class II drugs
typically exhibit absorption. Samples were withdrawn
at predetermined intervals, filtered, and analyzed by
HPLC to construct dissolution profiles. Testing
included nanofiber formulations, physical mixtures,
pure drug, and commercial reference products for
comparative evaluation.

Dissolution Rate Equation (Noyes-Whitney):
dC/dt = (D-S-(Cs-C))/(h-V)

Where: dC/dt = dissolution rate, D = diffusion
coefficient, S = surface area, Cs = saturation

cells with excised rat or porcine intestinal tissues as
biological membranes. Nanofiber samples were
placed in donor chambers containing simulated
gastric or intestinal fluid, while receptor chambers
contained phosphate buffer maintained at 37°C with
continuous stirring. Samples were withdrawn from
receptor chambers at regular intervals and analyzed to
determine cumulative drug permeation profiles.

In vivo pharmacokinetic studies were conducted in
Wistar rats following institutional animal care
guidelines and appropriate ethical approvals.
Formulations were administered by oral gavage at
equivalent drug doses, with blood samples collected at
predetermined  intervals for plasma  drug
concentration analysis. Pharmacokinetic parameters
including peak plasma concentration (Cmax), time to
peak (Tmax), and area under the curve (AUC) were
calculated using non-compartmental analysis
methods to assess bioavailability enhancement.

Stability studies followed ICH guidelines for
accelerated testing at 40°C/75% relative humidity
over 6-month periods. Nanofiber samples were stored
in controlled stability chambers with periodic
withdrawal for analysis of physical appearance, drug
content, dissolution performance, and

crystallographic changes. Real-time stability studies at
25°C/60% relative humidity provided additional
long-term stability data to support shelf-life
predictions and storage recommendations

solubility, C = concentration at time t, h = diffusion
layer thickness, V = dissolution medium volume.

Ex vivo permeation studies utilized Franz diffusion
RESULTS AND DISCUSSION

The systematic optimization approach yielded significant insights into the relationship between electrospinning
parameters and nanofiber quality, enabling production of uniform, drug-loaded fibers with enhanced pharmaceutical
performance. Design of Experiments analysis identified optimal conditions as 17 kV applied voltage, 0.5 mL/h flow
rate, 15 cm needle-to-collector distance, 20% drug loading, and 15% total polymer concentration, producing fibers
with mean diameters of 4541£89 nm and excellent morphological uniformity.

Nanofiber Morphology and Characterization

Scanning electron microscopy revealed that optimized electrospinning conditions produced smooth, continuous
nanofibers free from beads, droplets, or other morphological defects that could compromise pharmaceutical
performance Kumar et al. (2023) [23]. Fiber diameter distributions followed approximately normal patterns with
coefficients of variation below 20%, indicating excellent process control and reproducibility. Cross-sectional imaging
confirmed solid fiber morphology for single-fluid spinning, distinct core-sheath architectures for coaxial fibers, and
side-by-side structures for Janus configurations.

Differential scanning calorimetry analysis provided definitive evidence for drug amorphization within nanofiber
matrices. Pure carbamazepine exhibited characteristic melting endotherms at 190-192°C corresponding to crystalline
polymorphic forms, while physical mixtures showed reduced peak intensities proportional to drug loading. Nanofiber
samples demonstrated complete absence of drug melting peaks across all formulations, confirming successful
conversion to amorphous forms during the rapid solvent evaporation process inherent to electrospinning.

Powder X-ray diffraction corroborated DSC findings through crystallographic analysis of drug physical state.
Crystalline carbamazepine displayed characteristic diffraction peaks at 20 values of 15.3°, 19.5°, and 27.4°
corresponding to major crystallographic planes. Physical mixtures retained these peaks with reduced intensities,
while nanofiber diffractograms showed only broad amorphous halos typical of glass-like materials. The complete
elimination of crystalline peaks confirmed thorough drug amorphization achieved through electrospinning
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processing.

Fourier transform infrared spectroscopy revealed significant drug-polymer interactions that contribute to amorphous
stability and enhanced dissolution performance. Pure carbamazepine showed characteristic absorption bands at 3465
cm™ (N-H stretch), 1677 cm™ (C=0 stretch), and 1594 cm™ (aromatic C=C). Nanofiber spectra demonstrated
systematic shifts and broadening of these peaks, particularly the N-H and C=0 bands, indicating hydrogen bonding
interactions between drug molecules and PVP carbonyl groups. These interactions provide molecular-level
stabilization that inhibits drug recrystallization during storage.
Figure 5: Comparative Dissolution Profiles of Nanofiber
Formulations vs Conventional Forms
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Figure 5: Comparative Dissolution Profiles of Nanofiber Formulations vs. Conventional Forms

Dissolution Enhancement and Mechanism

In vitro dissolution studies demonstrated dramatic enhancement in drug release rates from nanofiber formulations
compared to conventional forms. Electrospun nanofibers achieved >80% drug release within 5 minutes and >95%
release within 10 minutes, representing order-of-magnitude improvements over pure crystalline drug which released
only 15% and 30% at corresponding time points Liu et al. (2022) [24]. The rapid dissolution behavior reflects the
combined effects of drug amorphization, extreme surface area enhancement, and favorable wetting characteristics of
the nanofiber matrix.

Dissolution kinetic analysis revealed that nanofiber release followed first-order kinetics with rate constants
approximately 10-fold higher than crystalline drug formulations. The enhanced kinetics result from elimination of
crystal lattice energy barriers that limit dissolution of crystalline forms, combined with the enormous surface area
provided by nanoscale fiber dimensions. Mathematical modeling using the Noyes-Whitney equation confirmed that
surface area enhancement was the dominant factor contributing to dissolution improvement.

Supersaturation studies demonstrated that nanofiber formulations generated drug concentrations exceeding
equilibrium solubility by factors of 3-5, maintaining these elevated levels for extended periods through polymer-
mediated stabilization. This supersaturation effect provides enhanced thermodynamic driving force for membrane
permeation and absorption, directly contributing to improved bioavailability outcomes observed in biological studies.

Bioavailability Enhancement

Ex vivo permeation studies using intestinal tissue membranes confirmed superior drug transport from nanofiber
formulations compared to conventional forms. Cumulative drug permeation reached 65+8% for nanofibers versus
12+3% for pure drug over 2-hour studies, representing approximately 5-fold enhancement in membrane transport
rates. The improved permeation reflects both enhanced dissolution providing higher drug concentrations at the
membrane interface and potential polymer-mediated permeation enhancement effects.

In vivo pharmacokinetic studies in rats provided definitive evidence for bioavailability enhancement achieved
through nanofiber formulations. Peak plasma concentrations (Cmax) increased from 18+4 ng/mL for pure drug to
48+7 ng/mL for nanofibers, while time to peak (Tmax) decreased from 4.2+0.8 hours to 1.5%0.3 hours, indicating
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both enhanced extent and rate of absorption Zhao et al. (2023) [25]. Area under the curve (AUCo-24) values increased
2.3-fold for nanofibers (284+32 ng-h/mlL) compared to pure drug (124+18 ng-h/mL), confirming significant
bioavailability enhancement.
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Figure 6: In Vivo Pharmacokinetic Profiles Comparing Nanofiber and Conventional Formulations
Statistical analysis confirmed significant differences (p<0.05) in all major pharmacokinetic parameters between
nanofiber and control formulations, with relative bioavailability calculated as 230% based on AUC ratios. The
magnitude of enhancement exceeds that typically achieved through conventional solubility improvement
approaches, highlighting the unique advantages of nanofiber technology for addressing bioavailability challenges in
poorly soluble drug compounds.

Advanced Fiber Architectures

Coaxial electrospinning successfully produced core-sheath nanofibers with well-defined architectural features and
controlled release properties. Enteric-coated fibers using Eudragit® L100 sheaths demonstrated pH-responsive
behavior, preventing drug release in acidic media (pH 1.2) while enabling rapid release under intestinal pH conditions
(pH 6.8). This approach offers potential for developing gastric-resistant formulations without conventional coating
processes.

Janus fiber formulations incorporating absorption enhancers in side compartments achieved further improvements
in permeation studies. Fibers containing sodium dodecyl sulfate (SDS) in one compartment and drug-polymer matrix
in the adjacent compartment increased ex vivo permeation to 75x6% compared to 65+8% for conventional
nanofibers. However, safety considerations regarding surfactant exposure may limit clinical applications of this
approach.

Table 3. Summary of Pharmaceutical Performance Results

Formulation | Dissolution (10 Ex Vivo Cmax AUCo24 Relative
min) Permeation (2h) (ng/mL) (ng-h/mL) Bioavailability
Pure Drug 30£5% 12+3% 1814 124418 100%
Physical 45+7% 22+4% 2816 168+24 135%
Mixture
Single-Fluid 95+3% 6518% 48+7 284+32 230%
Nanofibers
Coaxial 18+4% (pH 1.2) 58%7% 44+6 265+28 214%
Nanofibers 92+5% (pH 6.8)
(Enteric)
Janus 97+2% 7516% 52+8 308+35 248%
Nanofibers
(+SDYS)
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Stability Assessment

Accelerated stability studies demonstrated excellent maintenance of amorphous drug state and pharmaceutical
performance under stress conditions. After 3 months at 40°C/75% relative humidity, nanofiber samples retained
>90% of initial dissolution performance with minimal detectable crystalline drug content (<5%) by X-ray diffraction
analysis Anderson et al. (2022) [26]. This stability represents significant improvement over many conventional
amorphous dispersion systems that exhibit substantial recrystallization under similar conditions.

Long-term stability studies at ambient conditions (25°C/60% relative humidity) confirmed maintenance of
amorphous stability and dissolution performance over 12-month periods. Drug content remained within acceptable
limits (95-105% of label claim) with no significant changes in fiber morphology or mechanical properties. These
results support feasible commercial development with appropriate packaging and storage conditions.

Mechanistic studies revealed that amorphous stability in nanofibers results from multiple complementary factors
including drug-polymer hydrogen bonding interactions, physical entrapment within the polymer matrix, and reduced
molecular mobility in the glassy state. The combination of these stabilization mechanisms provides superior
performance compared to conventional amorphous dispersion approaches that rely primarily on polymer inhibition

of crystal nucleation and growth

CONCLUSION

This comprehensive investigation establishes
electrospun nanofibrous matrices as a highly effective
platform for enhancing the dissolution and
bioavailability of poorly water-soluble
pharmaceuticals. = The  research  successfully
demonstrated systematic optimization of
electrospinning parameters to produce uniform, drug-
loaded nanofibers with exceptional pharmaceutical
performance characteristics that significantly exceed
conventional formulation approaches.

Key findings include the achievement of rapid and
near-complete drug dissolution (>95% in 10 minutes)
through successful amorphous solid dispersion
formation within nanofiber matrices, representing
order-of-magnitude improvements over crystalline
drug forms. The enhanced dissolution directly
translated to superior bioavailability outcomes, with
2-3 fold increases in peak plasma concentrations and
overall drug exposure confirmed through rigorous in
vivo pharmacokinetic studies. Advanced fiber
architectures  including coaxial and Janus
configurations demonstrated additional functionality
for controlled release and combination therapy
applications.

The stability assessment revealed excellent
maintenance of amorphous drug state and
pharmaceutical performance under accelerated
storage conditions, addressing a critical limitation of
many conventional amorphous formulation
approaches. The superior stability results from
multiple complementary stabilization mechanisms
including drug-polymer hydrogen bonding, physical
entrapment, and reduced molecular mobility in the
nanostructured matrix.

The  research  contributes  significantly to
pharmaceutical nanotechnology by providing

systematic  methodology for electrospinning
optimization, comprehensive characterization
protocols, and definitive evidence for bioavailability
enhancement through nanofiber formulations. The
findings support the potential for clinical translation
and commercial development of electrospun drug
delivery systems, with applications ranging from fast-
dissolving oral films to specialized dosage forms for
pediatric and geriatric populations.

Future research directions should focus on scale-up
optimization for industrial manufacturing, expansion
to additional drug classes and therapeutic
applications, and development of regulatory pathways
for nanofiber-based pharmaceutical products. The
established platform provides a foundation for
addressing the broader challenge of poorly soluble
drug delivery, with potential societal benefits through
improved therapeutic outcomes and reduced
healthcare costs associated with drug inefficacy.
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